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Description 

Background of the Invention 

The present invention relates to biocompatible films 
and gels formed from chemically modified hyaluronic 
acid. 

Hyaluronic acid ("HA") is a naturally occurring mu- 
copolysaccharide found, for example, in synovial fluid, 
in vitreous humor, in blood vessel walls and umbilical 
cord, and in other connective tissues. The polysaccha- 
ride consists of alternating N-acetyl-D-glucosamine and 
D-glucuronic acid residues joined by alternating (i 1-3 
glucuronidicand p 1-4glucosaminidic bonds, so that the 
repeating unit is -(1->4)-p-D-GlcA-(1->3)-p-D-GlcNAc-. 
In water, hyaluronic acid dissolves to form a highly vis- 
cous fluid. The molecular weight of hyaluronic acid iso- 
lated from natural sources generally falls within the 
range of 5 x 10 4 up to 1 x 10 7 daltons. 

As used herein the term "HA" means hyaluronic ac- 
id and any of its hyaluronate salts, including, for exam- 
ple, sodium hyaluronate (the sodium salt), potassium 
hyaluronate, magnesium hyaluronate, and calcium hy- 
aluronate. 

HA, in chemically modified ("derivatized") form, is 
useful as a surgical aid, to prevent adhesions or accre- 
tions of body tissues during the post-operation period. 
The derivatized HA gel or film is injected or inserted into 
the locus between the tissues that are to be kept sepa- 
rate to inhibit their mutual adhesion. To be effective the 
gel must remain in place and prevent tissue contact for 
a long enough time so that when the gel finally disperses 
and the tissues do come into contact, they will no longer 
have a tendency to adhere. 

Chemically modified HA can also be useful for con- 
trolled release drug delivery. Balazs et al., 1986, U.S. 
Patent No. 4,582,865, states that "cross-linked gels of 
HA can slow down the release of a low molecular weight 
substance dispersed therein but not covalently attached 
to the gel macromolecular matrix." R.V. Sparer et al., 
1983, Chapter 6, pages 107-119, jn T.J. Roseman et al.. 
Controlled Release Delivery Systems , Marcel Dekker, 
Inc., New York, describes sustained release of chloram- 
phenicol covalently attached to hyaluronic acid via ester 
linkage, either directly or in an ester complex including 
an alanine bridge as an intermediate linking group. 

I. Danishefsky etal., 1971, Carbohydrate Res., Vol. 
16, pages 199-205, describes modifying a mucopoly- 
saccharide by converting the carboxyl groups of the mu- 
copolysaccharide into substituted amides by reacting 
the mucopolysaccharide with an amino acid ester in the 
presence of 1-ethyl-3-(3-dimethylaminopropyl) carbod- 
iimide hydrochloride ("EDC") in aqueous solution. They 
reacted glycine methyl ester with a variety of polysac- 
charides, including HA. The resulting products are water 
soluble; that is, they rapidly disperse in water or in an 
aqueous environment such as is encountered between 
body tissues. 



Proposals for rendering HA compositions less wa- 
ter soluble include cross-linking the HA. R.V. Sparer et 
al., 1983, Chapter 6, pages 107-119, in T.J. Roseman 
et al., Controlled Release Delivery Systems , Marcel 
s Dekker, Inc., New York, describe modifying HA by at- 
taching cysteine residues to the HA via amide bonds 
and then cross-linking the cysteine-modified HA by 
forming disulfide bonds between the attached cysteine 
residues. The cysteine-modified HA was itself water sol- 
io uble and became water-insoluble only upon cross-link- 
ing by oxidation to the disulfide form. 

De Belderet al., PCT Publication No. WO86/00912, 
describe a slowly-degradable gel, for preventing tissue 
adhesions following surgery, prepared by cross-linking 
a carboxyl-containing polysaccharide with a bi- or poly- 
functional epoxide. Other reactive bi- or polyfunctional 
reagents that have been proposed for preparing cross- 
linked gels of HA having reduced water solubility in- 
clude: 1,2,3,4-diepoxybutane in alkaline medium at 
20 50°C (T.C. Laurent etal., 1964, ActaChem. Scand., Vol 
18, page 274); divinyl sulfone in alkaline medium (E.A. 
Balasz et al., U.S. Patent No. 4,582,865, (1986); and a 
variety of other reagents including formaldehyde, 
dimethylolurea, dimethylolethylene urea, ethylene ox- 
25 jde, a polvaziridine, and a polyisocyanate (E.A. Balasz 
et al., GB-A-2151244 (1984). T. Malson et al., 1986, 
PCT Publication No. WOS6/00079, describe preparing 
cross-linked gels of HA for use as a vitreous humor sub- 
stitute by reacting HA with a bi- or polyfunctional cross- 
30 linking reagent such as a di- or polyfunctional epoxide. 
T Malson et al., 1986, EPO 0193510, describe prepar- 
ing a shaped article by vacuum-drying or compressing 
a cross-linked HA gel. 

In general, the invention features, in one aspect a 
35 biocompatible composition comprising water-insoluble 
modified hyaluronic acid that is free of cross-linking, said 
composition obtainable by the reaction of 

(a) hyaluronic acid the carboxyl groups of which 
40 have been activated, with 

(b) a nucleophile possessing an electron rich func- 
tional group capable of reacting with said activated 
hyaluronic acid to produce water-insoluble modified 
hyaluronic acid, and selected from an amino acid, 

45 an amino acid salt, an amino acid ester, an amino 
acid amide and a monofunctional amine, 

wherein "water-insoluble" means that a film of 3 
cm x 3 cm x 0.3 mm formed from a 1 weight percent 

50 solution of the composition comprising said modified hy- 
aluronic acid when placed in a beaker of 50 ml of distilled 
water at 20 o C is structurally intact after 20 min., and the 
film boundaries and edges are still present after 24 
hours, although the film is swollen. 

55 in another aspect the invention features a process 
for making a water-insoluble hyaluronic acid without the 
use of bi- or polyfunctional cross-linking reagent, said 
method comprising, 
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,(a) providing an aqueous mixture comprising hy- 
aluronic acid (HA) at a concentration between 0.4 
and 2.6 weight percent, 

(b) activating said HA with an activating agent which 
renders the carboxyl groups on said HA vulnerable 
to nucleophiiic attack, to form activated HA, and 

(c) reacting said activated HA with a nucleophile 
possessing an electron rich functional group capa- 
ble of reacting with said activated HA, selected from 
an amino acid, an amino acid salt, an amino acid 
ester, an amino acid amide and a monofunctional 
amine; 

to produce a biocompatible gel which is free of 
cross-linking and which is water-insoluble as defined 
above. 

In preferred embodiments, the activation and the re- 
action occur concurrently; the activation includes lower- 
ing the pH of the aqueous mixture to between 4.0 and 
5.0 by addition of an acid, and then contacting the aque- 
ous mixture with the activating agent; the acid includes 
hydrochloric acid; the HA and the activating agent are 
present during the activation at a molar ratio of at least 
0.2 molar equivalent of activating agent to 1 molar equiv- 
alent of glucuronic acid residues of the HA; the activated 
HA and the nucleophile are present in the reacting step 
at a molar ratio of at least 0.2 molar equivalent of the 
nucleophile to 1 molar equivalent of glucuronic acid res- 
idues of the activated HA; the activating agent includes 
a carbodiimide (preferably 1 -ethyl-3-(3-dimethylamino- 
propyl) carbodiimide or 1 -ethyl-3-(3-dimethylaminopro- 
pyl) carbodiimide methiodide); and the nucleophile in- 
cludes an amino acid amide (preferably leucinamide hy- 
drochloride), a monofunctional amine (preferably ani- 
line) an amino acid, a salt of an amino acid, or an ester 
(preferably a methyl ester or a butyl ester, including a t- 
butyl ester) of an amino acid selected from the group 
comprising leucine, valine, isoleucine, arginine, proline, 
histidine, or phenylalanine (preferably L-leucine methyl 
ester hydrochloride, L-valine methyl ester hydrochlo- 
ride, L-isoleucine methyl ester hydrochloride, L-arginine 
methyl ester hydrochloride, L-proline methy! ester hy- 
drochloride, L-histidine methyl ester hydrochloride, L- 
phenylalanine hydrochloride, or L-leucine t-butyl ester 
hydrochloride; the method further includes admixing a 
detectable marker (preferably a dye that stains amino 
acids, including "Brilliant Blue R"). 

I n another aspect, the invention features a gel made 
according to the above method. 

In another aspect, the invention features a method 
for making a water-insoluble biocompatible film, the 
method including providing the biocompatible gel and 
drying the gel or compressing the gel under conditions 
permitting escape of water from the gel. 

In another aspect the invention features a film made 
according to the above method. 

In preferred embodiments the composition further 
includes a monofunctional nucleophile including a 



monofunctional amine; a detectable marker; a pharma- 
ceutically active substance (preferably either covalently 
bonded to the HA or dispersed within the composition 
and not covalently bonded to the composition). 

s The term "film", as used herein, means a substance 
formed by compressing a gel or by allowing or causing 
a gel to dehydrate, and any gel of the invention may be 
formed into such a film. 

A "biocompatible" substance, as that term is used 

io herein, is one that has no medically unacceptable toxic 
or injurious effects on biological function. 

We have discovered that by treating HA with a suit- 
able activating agent and a nucleophile, a gel or film may 
be made having decreased water solubility and in which 

75 the HA is covalently modified at the carboxyl groups, 
without the use of any bi- or polyfunctional cross-linking 
reagent. A "water soluble" gel or film, as that term is 
used herein, is one which, formed by drying an aqueous 
solution of 1% weight/weight ("w/w") sodium hyaluro- 

20 nate in water, having dimensions 3 cm x 3 cm x 0. 3 mm, 
when placed in a beaker of 50 ml of distilled water at 
20°C. and allowed to stand without stirring, loses its 
structural integrity as a film after 3 minutes, and be- 
comes totally dispersed within 20 minutes. A "water in- 

25 soluble" film of the invention, as that phrase and like 
terms are used herein, formed using a 1% aqueous so- 
lution of HA, modified according to the invention, having 
the same dimensions and similarly allowed to stand 
without stirring in a beaker of 50 ml of distilled water at 

30 20°C, is structurally intact after 20 minutes; the film 
boundaries and edges are still present after 24 hours, 
although the film is swollen. 

HA is said to be "activated", as that term is used 
herein, when it is treated in an aqueous mixture in a 

35 manner that renders the carboxyl groups on the HA vul- 
nerable to nucleophiiic attack; and an "activating agent" 
is a substance that, in an aqueous mixture including HA, 
causes the HA to become so activated. 

Under various reaction conditions various of the nu- 

40 cleophiles mentioned above can be used to modify the 
activated HA. A "nucleophile", as used herein, is any 
molecule possessing an electron rich functional >group 
(preferably a primary amine) capable of reacting with ac- 
tivated HA. 

45 No cross-linking agents are employed in the man- 
ufacture or use of the gels or films of the invention. A 
"cross-linking agent", as used herein, is a molecule con- 
taining two or more nucleophiiic moieties (such as, e.g., 
amino groups) capable of reacting with activated HA, or 

50 js a molecule containing two or more electrophilic moi- 
eties capable of reacting with the hydroxy! groups of HA. 
Preferred nucleophiles are those which are biocompat- 
ible, although any nucleophile capable of reacting with 
activated HA so as to give a biocompatible product may 

55 be used. Moreover, because the gels andfilms are water 
insoluble, they can be thoroughly washed with water be- 
fore use to remove un reacted substances. 

Films and gels of the invention can also be prepared 
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in colored form, by including a dye or stain in the reaction 
mixture. Such colored films and gels can be more easily 
seen when in place or during placement, making them 
easier to handle during surgical procedures than color- 
less ones. 

Because they are biocompatible and water insolu- 
ble, the gels and films of the invention can be particularly 
useful as surgical aids where tissues are to be displaced 
or separated for an extended period of time, such as, 
for example, a period of time sufficient to permit healing 
of a wound. 

Description of the Preferred Embodiment 

The gels and films of the invention are made gen- 
erally as follows. HA is dissolved in water and the pH of 
the resulting aqueous mixture is adjusted downward; 
then the dissolved HA is activated by admixing a suita- 
ble activating agent, and a suitable nucleophile is ad- 
mixed with the activated HA and allowed to stand until 
the desired gel has formed. The activating agent and 
the nucleophile can be admixed in any sequence. 

The preferred method of making the gels and films 
of the invention will now be described in more detail. 

A sample of hyaluronic acid or a salt of hyaluronic 
acid, such as sodium hyaluronate, is dissolved in water 
to make an aqueous mixture. HA from any of a variety 
of sources can be used. As is well-known, HA can be 
extracted from animal tissues or harvested as a product 
of bacterial fermentation. Hyaluronic acid can be pro- 
duced in commercial quantities by bioprocess technol- 
ogy, as described for example in PCT Publication No. 
WO 86/04355. The concentration of HA in this first aque- 
ous mixture is in the range between 0.4% and 2.6% 
weight/weight ("w/w"). Subsequent reactions are slower 
and less effective at significantly lower concentrations, 
while significantly higher concentrations are difficult to 
handle owing to their high viscosity. 

The aqueous HA mixture should be acidic, prefer- 
ably having a pH between pH 4.0 and pH 5.0, more pref- 
erably between pH 4.75 and pH 5.0, and most preferably 
pH 4.75. At lower pH values the preferred activating 
agent, EDC, is unstable, and at higher values the reac- 
tion rate is diminished. Preferably hydrochloric acid is 
added to adjust the pH, although other known acids can 
be used. 

Once the pH of the aqueous HA mixture has been 
adjusted, an activacing agent is admixed. Preferred ac- 
tivating agents include carbodiimides, most preferably 
EDC (in some references this substance is termed 1- 
(3-dimethylaminopropyl)-3-ethyl-carbodiimide or 
"DEC") or ETC (1 -(3-dimethylaminopropyl)-3-ethyl- car- 
bodiimide methiodide). 

Then a nucleophile is admixed to the aqueous HA- 
activating agent mixture. Preferred nucleophiles include 
certain amino acid esters, more preferably the methyl 
esters of leucine, isoleucine, valine, phenylalanine, his- 
tidine, or proline, and most preferably L-leucine methyl 



. ester hydrochloride. Other substituted esters of amino 
acids can be used including, e.g., ethyl and t-butyl es- 
ters, and other monofunctional amines can be used 
such as, e.g., aniline. 
s The nucleophile and the activating agent may be 
admixed to the pH adjusted HA mixture in any se- 
quence, either all at once or gradually. 

If a colored product is desired, a solution of a dye 
or stain such as the blue dye "Brilliant Blue FT, also 
known as "Coomassie® Brilliant Blue R-250", distribut- 
ed as "Serva Blue" by Serva, can be admixed to the re- 
action mixture at this point. The resulting product has a 
blue color that can provide a good contrast to the color 
of body tissues, making the film or gel easy to see while 
it is handled during surgery and once it is in place. 

Once the reagents (and the stain or dye, if any) have 
been admixed, the reaction mixture can be simply al- 
lowed to stand for a time, or it can be continually or oc- 
casionally stirred or agitated. 

Upon admixing of the reagents the pH rises, and 
can be maintained at pH 4.75 by addition of acid as the 
reaction proceeds. We have found, however, that films 
and gels with various desired physical properties can be 
obtained by simply allowing the pH to rise as the reaction 
proceeds. The mode of addition of the reagents, partic- 
ularly the EDC and the nucleophile.ls not critical, but 
the ratios of these reagents to the HA is important. We 
have found that a ratio of one molar equivalent of glu- 
curonic acid residues to 1.6 molar equivalents of EDC 
results in strong gels while a ratio of 1 :0.2 results in weak 
gels which collapse to fluid solutions over a period of 
several days. Thus, although the ratios of EDC and nu- 
cleophile to HA can vary over a wide range, ratios of 
EDC to HA or of nucleophile to HA of greater than 0.2: 
1 are preferred. The more preferred ratio depends on 
the particular nucleophile being used and the desired 
physical properties of the final product. Lower values 
typically result in weaker, less insoluble products, while 
higher values typically result in stronger, more insoluble 
products. 

HA modified according to the above descriptions 
can be cast as films in a straightforward manner. Typi- 
cally the reaction mixture is poured into a vessel having 
the desired size and shape and allowed to air dry. In 
general films formed by drying mixtures poured thickly, 
so that they have a lower surface area/volume, possess 
greater strength than films formed by drying thinner, 
higher surface area/volume mixtures. 

Alternatively a film can be formed by compressing 
a gel under conditions that permit escape of water, as, 
for example, by compressing the gel between two sur- 
faces, at least one of which is porous, as described, for 
example, in EPO 0 193 510. 

If desired, a gel or film can be washed prior to use 
by, for example, perfusion with water or 1 M aqueous 
sodium chloride. Alternatively the reaction mixture can 
be dialyzed to remove residual reagents prior to casting 
as a film. Washing to remove residual reagents or rea- 
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gent-derived material such as substituted ureas is de- 
sirable if the film or gel is to be used for therapeutic ap- 
plications. Gels or films colored blue with Brilliant Blue 
R as described above do not lose their coloration during 
such washing. The removal of reagents or reaction 
products can be monitored by high pressure liquid chro- 
matography. 

Detailed Description of the Invention 

The invention is described in more detail in the fol- 
lowing examples. These examples are given by way of 
illustration and are not intended to limit the invention ex- 
cept as set forth in the claims. 

Example 1: In this example hydrogels were pre- 
pared using EDC as an activating agent and leucine me- 
thyl ester hydrochloride as a nucleophile. 

Sodium hyaluronate (400 mg; 1 .0 mmol of carboxyl 
groups) having a molecular weight between 1 x 10 6 and 
2 x 10 6 was dissolved in 10 ml of distilled water. The pH 
of the aqueous solution was adjusted to pH 4.75 by ad- 
dition of 0.1 N HCI. Then 314 mg of EDC (1.64 mmol) 
was added all at once followed by 1 90 mg (1 .05 mmol) 
of L-leucine methyl ester hydrochloride. The pH of the 
reaction mixture then rose to 6.2 over two hours. The 
reaction mixture was kept at room temperature for five 
hours, after which time it had formed a thick insoluble 
hydrogel. This hydrogel could be washed with a 1 M Na- 
Cl solution to remove residual reagents without loss of 
its physical properties. Example 2: In this example var- 
ious EDC/leucine:HA ratios were used for comparison 
of gel formation and properties. 

The procedure was as in Example 1, using sodium 
hyaluronate (400 mg; 1.0 mmol of carboxyl groups) in 
15 ml of water. In separate experiments the following 
quantities of EDC and leucine methyl ester hydrochlo- 
ride were then added: 153 mg EDC (0.8 mmol)/182 mg 
leucine methyl ester hydrochloride (1.0 mmol); 76 mg 
EDC (0.4 mmol)/90 mg leucine methyl ester hydrochlo- 
ride (0.5 mmol); and 38 mg EDC (0.2 mmol)/45 mg leu- 
cine methyl ester hydrochloride (0.25 mmol). Strong hy- 
drogels were obtained as in example 1 for the highest 
ratio of EDC and leucine methyl ester hydrochloride. At 
the lowest ratio of reactants (0.2 mmol/0.25 mmol to 1.0 
mmol HA carboxyl groups) a weak gel was obtained, 
which collapsed to a fluid after two weeks. 

Example 3: In this example the HA concentration 
was reduced by one-half for comparison of resulting gel 
properties. 

The procedure was as in example 1 except the HA 
(400 mg; 1 .0 mmol of carboxyl groups) was dissolved in 
30 ml of water rather than 15 ml (1-1/3% w/w HA). A 
hydrogel was formed, although it was weaker than that 
obtained in Example 1 . 

Example 4: In this example films were prepared us- 
ing EDC as an activating agent and leucine methyl ester 
hydrochloride as a nucleophile. 

Sodium hyaluronate (400 mg; 1 .0 mmol of carboxyl 



groups) was dissolved in 40 ml of distilled water. The pH 
of the solution was adjusted to pH 4.75 by addition of 
0.1 N HCI. Then EDC (314 mg; 1.64 mmol) was added 
in a single portion, followed by 190 mg (1.05 mmol) of 

5 L-leucine methyl ester hydrochloride. The pH of the re- 
action mixture rose to 6.2 during two hours, after which 
time the solution was poured into a petri dish of area 
6360 mm 2 , and allowed to dry to a film over a two day 
period. Films produced in this manner were strong and 

10 insoluble in water and 1 M aqueous NaCI. The films 
could be washed with water or aqueous NaCI as in Ex- 
ample 1 to remove residual reagents without loss of their 
physical properties. Infrared spectroscopic analysis of 
such films showed no carbodiimide absorption at about 

is 2130 cm -1 and displayed absorptions at about 1740 
cnr 1 , 1700 cm' 1 , 1650 cm' 1 , and 1550 cm" 1 . 

Example 5: In this example various HA concentra- 
tions were used in making films for comparison of re- 
sulting film properties. 

20 The procedure described in example 4 was repeat- 
ed, using three different initial HA concentrations made 
by dissolving the HA (400 mg; 1.0 mmol of carboxyl 
groups) in 30 ml, 40 ml, or 100 ml of distilled water. Films 
produced using each of these initial concentrations of 

25 HA were strong and insoluble in water and 1 M aqueous 
NaCI, showing that a range of concentrations of HA can 
be used. Each of these films could be washed with water 
or aqueous NaCI without loss of its physical properties. 
Example 6: This example illustrates the effect of di- 

30 alyzing the reaction mixture prior to casting to form a 
film, as compared with washing the film after forming it. 

Sodium hyaluronate (400 mg in 40 ml of water), 
EDC (314 mg; 1.64 mmol) and L-leucine methyl ester 
hydrochloride (190 mg; 1 .05 mmol) were allowed to re- 

35 act as in Example 4. Upon completion of reaction (2 
hours) the reaction mixture was dialyzed against water, 
through 12,000 NMW cutoff dialysis tubing in order to 
remove residual reagents. The dialyzed mixture was 
then cast as a film as in Example 4. The film so obtained 

40 was strong and insoluble in water or 1 M aqueous NaCI. 
Example 7: In this example films were formed by 
drying more thickly poured reaction mixtures, to com- 
pare the properties of films produced from drying mix- 
tures at differing surface area/volume. 

45 A reaction mixture obtained as in Example 4 (40 ml 
reaction volume) was cast into a small petri dish (area 
3330 mm 2 ). The film so obtained was insoluble in 1 M 
aqueous NaCI and in water (100°C; 1 hour). 

Example 8: In this example films were prepared us- 

50 ing other amino acid esters and HA activated with EDC. 
A solution of HA (400 mg in 40 ml of H 2 0) was 
brought to pH 4.7 using 0. 1 N HCI. Then EDC (31 4 mg; 
1 .6 mmol) was added all at once followed by 1 mmol of 
the amino acid derivative. The reaction mixture was 

55 poured into a petri dish and allowed to dry. Insoluble 
films were obtained from L-valine methyl ester hydro- 
chloride, L-isoleucine methyl ester hydrochloride, L-pro- 
line methyl ester hydrochloride, and L-phenylalanine 
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methyl ester hydrochloride. 

Example 9: In this example films were prepared us- 
ing a simple primary amine (aniline) as a nucleophile. 

A solution of HA (400 mg in 40 ml of H 2 0) was 
brought to pH 4.7 using 0.1 N HCI. Then EDC (31 4 mg; 
1 .6 mmol) was added all at once followed by 1 mmol of 
aniline. The reaction mixture was poured into a petri dish 
and allowed to dry, and insoluble films were obtained. 

Example 10: In this example films were prepared 
using other esters of leucine. 

A solution of HA (400 mg in 40 ml of H 2 0) was 
brought to pH 4.7 using 0.1 N HCI. Then EDC (31 4 mg; 
1 .6 mmol) was added all at once followed by 1 mmol of 
the leucine ester. The reaction mixture was poured into 
a petri dish and allowed to dry. Insoluble films were ob- 
tained from both L-leucine ethyl ester hydrochloride and 
L-leucine t-butyl ester hydrochloride. 

Example 1 1 : 1 n this example gels were prepared us- 
ing other amino acid methyl esters. 

A solution of HA (400 mg in 15 ml of H 2 0) was 
brought to pH 4.7 and EDC (314 mg; 1.6 mmol) was 
added, followed by the amino acid derivative (1 mmol). 
The reaction mixture formed a thick gel within from 5 to 
24 hours. Water insoluble gels were obtained using L- 
valine methyl ester hydrochloride, L-isoleucine methyl 
ester hydrochloride, L-arginine methyl ester hydrochlo- 
ride, L-proline methyl ester hydrochloride, and L-histi- 
dine methyl ester hydrochloride. 

Example 12: In this example films were prepared 
using an amino acid amide (leucinamide) as a nucle- 
ophile. 

A solution of HA (400 mg in 40 ml of H 2 0) was 
brought to pH 4.7 using 0.1 N HCI. Then EDC (314 mg; 
1 .6 mmol) was added all at once followed by 1 mmol of 
L-leucinamide hydrochloride. The reaction mixture was 
poured into a petri dish and allowed to dry and insoluble 
films were obtained. 

Example 1 3: In this example gels were prepared us- 
ing leucine ethyl ester hydrochloride. 

A solution of HA (400 mg in 15 ml of H 2 0) was 
brought to pH 4.7 and EDC (314 mg; 1.6 mmol) was 
added, followed by leucine ethyl ester hydrochloride 
(1 .0 mmol). The mixture formed a thick, water insoluble 
gel within from 5 to 24 hours. 

Example 14: In this example films and gels were 
prepared using ETC as the HA activating agent. 

Sodium hyaluronate (400 mg, 1 .0 mmol of carboxyl 
groups) having a molecular weight in the range between 
1 x 10 6 and 2 x 10 6 daltons was dissolved in water (10 
ml and 30 ml). The pH of each aqueous solution was 
adjusted to pH 4.75 by addition of 0.1 N HCI. Then 475 
mg of ETC (1.6 mmol) was added all at once, followed 
by 1 90 mg (1 .05 mmol) of L-leucine methyl ester hydro- 
chloride. The pH of this reaction mixture rose to pH 6.2 
over the next 2 hours. The reaction mixture containing 
10 ml of water formed an insoluble gel. The reaction mix- 
ture containing 30 ml of water gave an insoluble film af- 
ter drying. 



Example 15. This example illustrates the prepara- 
tion of a colored film. 

A solution of HA (400 mg in 30 ml of H 2 0) was 
brought to pH 4.75 as in example 1 3 and then ETC (475 

5 mg; 1.6 mmol) and leucine methyl ester hydrochloride 
(190 mg; 1.05 mmol) were added. A dilute solution of 
"Serva Blue" (5 mg/ml) dye in H 2 0 (0.5 ml) was then 
added to the reaction mixture. The resulting mixture was 
poured into a Petri dish and a water insoluble blue film 

to was obtained after 16 hours. The blue color was re- 
tained by the film when the film was washed with 1 M 
NaCI and then with H 2 0. 

Example 16. This example illustrates the tiss ue bio- 
compatibility of a film of chemically modified HA. 

15 Four strips of films prepared according to the pro- 
cedure described in Example 4, and two USP negative 
control strips were surgically implanted into the paraver- 
tebral muscle of White New Zealand rabbits (two per 
test). The test sites were evaluated either macroscopi- 

20 cally after 72 hours or with complete histopathology after 
7 days. In accordance with the USP XXI, p. 1237, the 
test material met the requirements of the USP Implan- 
tation Test for the Evaluation of Plastic Materials. 



Films or gels of the invention can be used as a sur- 
gical aid, to prevent adhesions or accretions of body tis- 
sues during a post-operation or healing period, following 

30 procedures known in the surgical arts, as described, for 
example, in DeBelder et al., PCT Publication No. WO 
86/00912. During surgery one or more pieces of the gel 
or film, as appropriate, are inserted or injected between 
or among the tissues that are to be kept separate. 

35 Films or gels of the invention can also be used for 
sustained release drug delivery. The drug to be deliv- 
ered can be covalently bonded to the ge! or film, as de- 
scribed, for example, inR.V. Sparer etal., 1983, Chapter 
6, pages 1 07-1 1 9, jn T.J. Roseman et al., Controlled Re- 

40 lease Delivery Systems , Marcel Dekker, Inc., New York; 
and the gel or film can then be implanted or injected at 
the locus where delivery is desired. 



1. A biocompatible composition comprising water-in- 
soluble modified hyaluronic acid that is free of 
cross-linking, said composition obtainable by the 
50 reaction of 

(a) hyaluronic acid the carboxyl groups of which 
have been activated, with 

(b) a nucleophile possessing an electron rich 
55 functional group capable of reacting with said 

activated hyaluronic acid to produce water-in- 
soluble modified hyaluronic acid, and selected 
from an amino acid, an amino acid salt, an ami- 
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no acid ester, an amino acid amide and a mono- 
functional amine, 

wherein "water-insoluble" means that a film of 
3 cm x 3 cm x 0.3 mm formed from a 1 weight per- 
cent solution of the composition comprising said 
modified hyaluronic acid when placed in a beaker 
of 50 ml of distilled water at 20°C is structurally in- 
tact after 20 min., and the film boundaries and edg- 
es are still present after 24 hours, although the film 
is swollen. 

2. The composition of Claim 1 , wherein said activating 
agent is a carbodiimide. 

3. The composition of Claim 2, wherein said carbodi- 
imide is 1-ethyl-3-(3-dimethylaminopropyl) carbod- 
iimide (EDC). 

4. The composition of Claim 3, wherein said nucle- 
ophile is a methyl ester of an amino acid. 

5. A process for making the water-insoluble modified 
hyaluronic acid of Claim 1 without the use of bi- or 
polyfunctional cross-linking reagent, said method 
comprising, 

(a) providing an aqueous mixture comprising 
hyaluronic acid (HA) at a concentration be- 
tween 0.4 and 2.6 weight percent, 

(b) activating said HA with an activating agent 
which renders the carboxyl groups on said HA 
vulnerable to nucleophilic attack, to form acti- 
vated HA, and 

(c) reacting said activated HA with a nucle- 
ophile possessing an electron rich functional 
group capable of reacting with said activated 
HA and selected from an amino acid, an amino 
acid salt, an amino acid ester, an amino acid 
amide and a monof unctional amine, 

to produce a biocompatible gel which is free 
of cross-linking and which is water-insoluble ac- 
cording to the definition given in Claim 1. 

6. The method of Claim 5, wherein said activating 
comprises: 

lowering the pH of said aqueous mixture to be- 
tween 4.0 to 5.0 by addition of an acid, and then 
contacting said aqueous mixture with said ac- 
tivating agent. 

7. The method of claim 6, wherein said acid comprises 
hydrochloric acid. 

8. The method of Claim 5, wherein said HA and said 
activating agent are present during said activation 



at a molar ratio of at least 0.2 molar equivalent of 
activating agent to 1 molar equivalent of glucuronic 
acid residues of said HA. 

5 9. The method of Claim 5, wherein said activated HA 
and said nucleophile are present in said reacting 
step at a molar ratio of at least 0.2 molar equivalent 
of said nucleophile to 1 molar equivalent of glu- 
curonic acid residues of said activated HA. 

10 

10. The method of Claim 5, wherein said activating 
agent comprises a carbodiimide. 

11. The method of Claim 1 0, wherein said carbodiimide 
15 comprises 1-ethyl-3-(3-dimethylaminopropyl) car- 
bodiimide, or 1 -ethyl-3-(3-dimethylaminopropyl) 
carbodiimide methiodide. 

12. The method of Claim 5, wherein said amino acid 
20 ester comprises a methyl ester. 

13. The method of Claim 5, wherein said amino acid 
ester comprises a butyl ester. 

25 14. The method of Claim 13, wherein said butyl ester 
comprises a t-butyl ester. 

15. The method of Claim 5, wherein said nucleophile 
comprises a methyl ester of an amino acid from the 

30 group comprising leucine, valine, isoleucine, ar- 
ginine, proline, histidine, or phenylalanine. 

16. The method of Claim 5, wherein said nucleophile 
comprises L-leucine methyl ester hydrochloride, L- 

35 valine methyl ester hydrochloride, L-isoleucine me- 
thyl ester hydrochloride, L-arginine methyl ester hy- 
drochloride, L-proline methyl ester hydrochloride, 
L-histidine methyl ester hydrochloride, L-phenyla- 
lanine hydrochloride, or L-leucine t-butyl ester hy- 
40 drochloride. 

17. The method of Claim 5, wherein said amino acid 
amide comprises leucinamide hydrochloride. 

45 18. The method of Claim 5, wherein said monof unction- 
al amine comprises aniline. 

19. A water-insoluble biocompatible gel made accord- 
ing to the method of Claim 5. 

50 

20. A method for making a water-insoluble biocompat- 
ible film, said method comprising: 

providing the biocompatible gel of Claim 19, 
55 and 

drying said gel. 

21. A method for making a water- in soluble biocompat- 
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ible film, said method comprising: 

providing the biocompatible gel of Claim 19, 
and 

compressing said gel under conditions permit- 
ting escape of water from said gel. 

22. The method of Claim 5, wherein said activating and 
said reacting occur concurrently. 

23. The composition of Claim 1 , said composition being 
free of any bifunctional or polyfunctional nude- 
ophile and said composition being free of any bi- 
functional or polyfunctional electrophile. 

24. The composition of Claim 1, further comprising a 
monofunctional amine. 

25. The film made by the method of Claim 20. 

26. The film made by the method of Claim 21. 

27. The method of Claim 5, said method further com- 
prising admixing a detectable marker. 

28. The method of Claim 27 wherein said detectable 
marker comprises a dye that stains amino acids. 

29. The method of Claim 27, wherein said detectable 
marker comprises "Brilliant Blue R". 

30. The composition of Claim 1, further comprising a 
detectable marker 

31. The composition of Claim 30, wherein said detect- 
able marker comprises "Brilliant Blue R B . 



tiviert worden waren, mit 
(b) einem Nucleophilen, das eine elektronen- 
reiche funktionelle Gruppe besitzt, das mit der 
aktivierten Hyaluronsaure unter Bildung was- 
5 serunldslicher modifizierter Hyaluronsau re rea- 

gieren kann und ausgewahlt wird aus einer 
Aminosaure, einem Aminosauresalz, einem 
Aminosaureester, einem Aminosaurearnid und 
einem funktionellen Amin, 

10 

wobei "wasserunloslich" bedeutet, dafB ein 3 
cm x 3 cm x 0,3 mm Film, der aus einer 1 -gew.- 
%igen Losung der Zusammensetzung, die die mo- 
difizierte Hyaluronsaure enthalt, gebildet worden 
75 ist, wenn erinein Becherglasmit50mldestilliertem 
Wasser bei 20°C gegeben wird, nach 20 min struk- 
turell intakt ist, und daft die Filmgrenzen- und -kan- 
ten nach 24 Stunden noch vorhanden sind, ob- 
gleich der Film gequollen ist. 

20 

2. Zusammensetzung nach Anspruch 1 , dadurch ge- 
kennzeichnet, daB das Aktivierungsmittel ein Car- 
bodiimid ist. 

25 3. Zusammensetzung nach Anspruch 2, dadurch ge- 
kennzeichnet, da(3 das Carbodiimid 1 -Ethyf-3- 
(3-dimethylaminopropyl)carbodiimid (EDC) ist. 

4. Zusammensetzung nach Anspruch 3, dadurch ge- 
30 kennzelchnet, da3 das Nucleophil ein Methylester . 

einer Aminosaure ist. 

5. Verfahren zur Herstellung einer wasserunldslichen 
modifizierten Hyaluronsaure nach Anspruch 1 ohne 

35 die Verwendung eines bi- oder polyfunktionellen 
Vernetzungsmittels, wobei das Verfahren umfaGt: 



32. The composition of Claim 1, further comprising a 
pharmaceutical^ active substance. 

40 

33. The composition of Claim 32, wherein said pharma- 
ceutical^ active substance is covaiently bonded to 
said HA. 

34. The composition of Claim 32, wherein said pharma- 
ceutically active substance is dispersed within said 
composition and is not covaiently bonded to said 
composition. 



Patentanspruche 

1. Biovertragliche Zusammensetzung, enthaltend ei- 
ne wasserunlosiiche modifizierte Hyaluronsaure, 
die vernetzungsfrei ist, wobei die Zusammenset- 55 
zung erhalten wurde durch Umsetzung von 

(a) Hyaluronsaure, deren Carboxylgruppen ak- 



(a) Herstellung eines wafBrigen Gemisches, 
welches Hyaluronsaure in einer Konzentration 
zwischen 0,4 und 2,6 Gew.-% enthalt, 

(b) Aktivierung der HA mit einem Aktivierungs- 
mittel, welches bewirkt, daft die Carboxylgrup- 
pen an der HA gegenuber einem nucleophilen 
Angriff empfindlich werden, und Bildung einer 
aktivierten HA, und 

(c) Umsetzung der aktivierten HA mit einem 
Nucleophil, das eine elektronenreiche funktio- 
nelle Gruppe besitzt, das mit der aktivierten HA 
reagieren kann und ausgewahlt wird aus einer 
Aminosaure, einem Aminosauresalz, einem 
Aminosaureester, einem Aminosaurearnid und 
einem monofunktionellen Amin, 

wobei ein biovertragliches Gel gebildet wird, 
welches vernetzungsfrei ist und welches nach der 
in Anspruch 1 gegebenen Definition wasserunlos- 
lich ist. 
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6. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daft die Aktivierung umfaBt: 

Erniedrigung des pH-Wertes des waBrigen Ge- 
misches auf einen Wert zwischen 4,0 und 5,0 5 
durch Zugabe einer Saure, und dann 
Behandlung des waBrigen Gemisches mil ei- 
nem Aktivierungsmittel. 

7. Verfahren nach Anspruch 6, dadurch gekenn- 10 
zeichnet, daB die Saure Chlorwasserstoff saure 
enthalt. 



thylesterhydrochlorid, L-Prolin-Methylesterhydro- 
chlorid, L-Histidin-Methylesterhydrochlorid, L-Phe- 
nylalanin-Hydrochlorid oder L-Leucin-t-butylester- 
hydrochlorid umfaBt. 

17. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Aminosaureamid Leucinarnidhy- 
drochlorid umfaBt. 

18. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das monofunktionelle Amin Anilin 
umfaBt. 



8. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die HA und das Aktivierungsmittel 
wahrend der Aktivierung in einem Molverhaltnis von 
mindestens 0,2 Molaquivalent Aktivierungsmittel zu 
einem Molaquivalent Glucuronsaurereste der HA 
vorhanden sind. 

9. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die aktivierte HA und das Nucleophil 
bei der Reaktionsstufe in einem Molverhaltnis von 
mindestens 0,2 Molaquivalent des Nucleophilen zu 
einem Molaquivalent Glucuronsaureresten der ak- 
tivierten HA vorhanden sind. 

10. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Aktivierungsmittel ein Carbodi- 
imid enthalt. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daB das Carbodiimid 1-Ethyl-3-(3-dime- 
thylaminopropyl)carbodiimid oder 1-Ethyl-3-(3-di- 
methylaminopropyl)carbodiimidmethiodid umfaBt. 

12. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB der Aminosaureester einen Methyl- 
ester umfaBt. 

13. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB der Aminosaureester einen Butyle- 
ster umfaBt. 

14. Verfahren nach Anspruch 13, dadurch gekenn- 
zoichnet, daB der Butylester einen t-Butylester um- 
faBt. 

15. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Nucleophil einen Methylester ei- 
ner Aminosaure aus der Gruppe Leucin, Valin, Iso- 
leucin, Arginin, Prolin, Histidin oder Phenylalanin 
umfaBt. 

16. Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Nucleophil L-Leucin-Methylest- 
erhydrochlorid, L-Valin-Methylesterhydrochlorid, L- 
Isoleucin-Methylesterhydrochlorid, L-Arginin-Me- 



19. Wasserunlosliches, biovertragliches Gel, herge- 
^ stellt nach dem Verfahren von Anspruch 5. 

20. Verfahren zur Hersteltung eines wasserunlosli- 
chen, biovertraglichen Films, wobei das Verfahren 
die Herstellung des biovertraglichen Gels nach An- 

20 spruch 19 und Trocknen des Gels umfaBt. 

21. Verfahren zur Herstellung eines wasserunldsli- 
chen, biovertraglichen Films, wobei das Verfahren 
die Herstellung des biovertraglichen Gels nach An- 

25 spruch 1 9 und das Verdichten des Gels bei solchen 
Bedingungen, die das Austreten von Wasser aus 
dem Gel erlauben, umfaBt. 

22. Verfahren nach Anspruch 5, dadurch gekenn- 
30 zeichnet, daB die Aktivierung und die Umsetzung 

gleichzeitig stattfinden. 

23. Zusammensetzung nach Anspruch 1 , wobei die Zu- 
sammensetzung von irgendeinem bifunktionellen 

35 oder polylunktionelien Nucleophilen f rei ist und die 
Zusammensetzung von irgendeinem bifunktionel- 
len oder polyfunktionellen Elektrophilen frei ist. 

24. Zusammensetzung nach Anspruch 1, dadurch ge- 
40 kennzeichnet, daB sie weiter ein monofunktionel- 

les Amin enthalt. 

25. Film, hergestellt gemaB dem Verfahren von An- 
spruch 20. 

45 

26. Film, hergestellt gemaB dem Verfahren von An- 
spruch 21. 

27. Verfahren nach Anspruch 5, dadurch gekenn- 
50 zeichnet, daB das Verfahren weiter das Vermi- 

schen mit einem nachweisbaren Marker umfaBt. 

28. Verfahren nach Anspruch 27, dadurch gekenn- 
zeichnet, daB der nachweisbare Marker einen 

55 Farbstoff enthalt, welcher Aminosauren farbt. 

29. Verfahren nach Anspruch 27, dadurch gekenn- 
zeichnet, daB der nachweisbare Marker "Brilliant 
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Blue FT umfaBt. 

30. Zusammensetzung nach Anspruch 1 , dadurch ge- 
kennzeichnot, daB sie weiter einen nachweisbaren 
Marker umfaBt. 

31 . Zusammensetzung nach Anspruch 30, dadurch ge- 
kennzeichnet, daB der nachweisbare Marker "Bril- 
liant Blue R" umfaBt. . 

32. Zusammensetzung nach Anspruch 1, dadurch ge- 
kennzeichnet, daB sie eine pharmazeutisch aktive 
Substanz umfaBt. 

33. Zusammensetzung nach Anspruch 32, dadurch 
gekennzeichnet, daB die pharmazeutisch aktive 
Substanz covalent an die HA gebunden ist. 

34. Zusammensetzung nach Anspruch 32, dadurch 
gekennzeichnet, daB die pharmazeutisch aktive 
Substanz innerhalb der Zusammensetzung disper- 
giert ist und nicht an die Zusammensetzung cova- 
lent gebunden ist. 



Revendications 

1. Composition biocompatible comprenant de I'acide 
hyaluronique modifie insoluble dans I'eau qui est 
exempt d'une reticulation, ladite composition pou- 
vant etre obtenue par la reaction : 

(a) d'acide hyaluronique dont les groupements 
carboxyle ont 6te actives, avec 

(b) un produit nucleophile possedant un grou- 
pement fonctionnel riche en electrons qui est 
capable de reagir avec ledit acide hyaluronique 
active pour produire de I'acide hyaluronique 
modifie insoluble dans I'eau et qui est choisi 
parmi un acide amine, un se! d'acide amine, un 
ester d'acide amine, un amide d'acide amine et 
une amine monofonctionnelle, 

dans iaquelle "insoluble dans I'eau" signifie qu'un 
film de 3 cm x 3 cm x 0,3 mm forme" a partir d'une 
solution a 1% en masse de la composition compre- 
nant ledit acide hyaluronique modifie, lorsqu'il est 
place dans un becher de 50 ml d'eau distill6e a 
20°C, est intact pour ce qui concerne la structure 
apres 20 min et les limites et les bords du film sont 
encore presents apres 24 h, bien que le film soit 
gonfie. 

2. Composition selon la revendication 1 , dans Iaquelle 
ledit agent d'activation est un carbodiimide. 

3. Composition selon la revendication 2, dans Iaquelle 
ledit carbodiimide est le 1 -ethyl-3-(3-dimethylami- 



nopropyl)carbodiimide (EDC). 

4. Composition selon la revendication 3, dans lequel 
ledit produit nucleophile est un ester methylique 

5 d'un acide amine. 

5. Procede de preparation de I'acide hyaluronique mo- 
difie insoluble dans I'eau de la revendication 1 sans 
Putilisation d'un reactif de reticulation bifonctionnel 

10 ou polyfonctionnel, ledit procede comprenant les 
etapes consistant a : 

(a) fournir un melange aqueux comprenant de 
I'acide hyaluronique (HA) en une concentration 

15 comprise entre 0,4 et 2,6 % en masse, 

(b) activer ledit HA avec un agent d'activation, 
qui rend les groupements carboxyle sur ledit 
HA vunerables a une attaque nucleophile, pour 
former du HA active et 

20 ( C ) mettre a r6agir ledit HA active avec un pro- 

duit nucleophile possedant un groupement 
fonctionnel riche en electrons qui est capable 
de reagir avec ledit HA active et qui est choisi 
parmi un acide amine, un sel d'acide amine, un 
25 ester d'acide amine, un amide d'acide amine et 

une amine monofonctionnelle, pour produire un 
gel biocompatible qui est exempt d'une reticu- 
lation et qui est insoluble dans I'eau suivant la 
definition donnee dans la revendication 1 . 

30 

.6. Proc6de selon la revendication 5, dans lequel ladite 
activation comprend : 

la diminution du pH dudit melange aqueux a 
35 une valeur comprise entre 4,0 et 5,0 par ajout 

d'un acide, puis 

la mise en contact dudit melange aqueux avec 
ledit agent d'activation. 

40 7. Precede selon la revendication 6, dans lequel ledit 
acide comprend I'acide chlorhydrique. 

8. Procede selon la revendication 5, dans lequel ledit 
HA et ledit agent d'activation sont presents lors de 
45 ladite activation en un rapport molaire d'au moins 
0,2 equivalent molaire de I'agent d'activation a 1 
equivalent molaire des residus acide glucuronique 
dudit HA. 

50 9. Procede selon la revendication 5, dans lequel ledit 
HA active et ledit produit nucleophile sont presents 
dans ladite etape de reaction en un rapport molaire 
d'au moins 0,2 equivalent molaire dudit produit nu- 
cleophile a 1 equivalent molaire des residus acide 
55 glucuronique dudit HA. 

10. Procede selon la revendication 5, dans lequel ledit 
agent d'activation est un carbodiimide. 
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11. Procede selon la revendication 1 0, dans lequel ledit 
carbodiimide est le 1-ethyl-3-(3-dimethylaminopro- 
pyl)carbodiimide ou I'iodomethylate de 1-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide. 

. 12. Procede selon la revendication 5, dans lequel ledit 
ester d'acide amine comprend un ester methylique. 

13. Proc6de selon la revendication 5, dans lequel ledit 
ester d'acide amine comprend un ester butylique. 

14. Procede selon la revendication 13, dans lequel ledit 
ester butylique comprend un ester t-butylique. 

15. Procede selon la revendication 5, dans lequel ledit 
produit nucleophile comprend un ester methylique 
d'un acide amine" provenant du groupe comprenant 
la leucine, la valine, I'isoleucine, Parginine, la proli- 
ne, I'histidine et la phenylalanine. 

16. Procede selon la revendication 5, dans lequel ledit 
produit nucleophile comprend le chlorhydrate d'es- 
ter methylique de L-leucine, le chlorhydrate d'ester 
methylique de L-valine, le chlorhydrate d'ester me- 
thylique de L-isoleucine, le chlorhydrate d'ester me- 
thylique de L-arginine, le chlorhydrate d'ester me- 
thylique de L-proline, le chlorhydrate d'ester methy- 
lique de L-histidine, le chlorhydrate de L-phenylala- 
nine ou le chlorhydrate d'ester t-butylique de L-leu- 
cine. 



22. Procede selon la revendication 5, dans lequel ladite 
activation et ladite reaction se produisent concur- 
remment. 

5 23. Composition selon la revendication 1, ladite com- 
position 6tant exempte de tout produit nucleophile 
bifonctionnel ou polyfonctionnel et ladite composi- 
tion 6tant exempte de tout produit eiectrophile bi- 
fonctionnel ou polyfonctionnel. 

10 

24. Composition selon la revendication 1 comprenant 
de plus une amine monofonctionnelle. 

25. Film prepare par le procede de la revendication 20. 

75 

26. Film prepare par le proc6de de la revendication 21 . 

27. Proc6de selon la revendication 5, ledit procede 
comprenant de plus retape consistant a melanger 

20 un marqueur detectable. 

28. Procede selon la revendication 27, dans lequel ledit 
marqueur detectable comprend un colorant qui co- 
lore les acides amines. 

25 

29. Procede selon la revendication 27, dans lequel ledit 
marqueur detectable comprend le "Brilliant Blue R". 

30. Composition selon la revendication 1 comprenant 
30 de plus un marqueur detectable. 



5 23. 
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17. Procede selon la revendication 5, dans lequel ledit 
amide d'acide amine comprend le chlorhydrate de 
leucinamide. 

18. Procede selon la revendication 5, dans lequel ladite 
amine monofonctionnelle comprend I'aniline. 

19. Gel biocompatible insoluble dans I'eau prepare se- 
lon le procede de la revendication 5. 

20. Procede de preparation d'un film biocompatible in- 
soluble dans I'eau, ledit procede comprenant les 
etapes consistant a : 

fournir le gel biocompatible de la revendication 
19 et 

secher ledit gel. 



31. Composition selon la revendication 30, dans laquel- 
le ledit marqueur detectable comprend le "Brilliant 
Blue FT. 

35 

32. Composition selon la revendication 1 comprenant 
de plus une substance pharmaceutiquement acti- 
ve. 

40 33. Composition selon la revendication 32, dans laquel- 
le la dite substance pharmaceutiquement active est 
liee par covalence audit HA. 

34. Composition selon la revendication 32, dans laquel- 
45 le ladite substance pharmaceutiquement active est 
dispersee dans ladite composition et n'est pas liee 
par covalence a la dite composition. 



21. Procede de preparation d'un film biocompatible in- so 
soluble dans I'eau, ledit procede comprenant les 
etapes consistant a : 

fournir le get biocompatible de la revendication 
19 et 55 
compresser ledit gel dans des conditions per- 
mettant a I'eau de s'echapper dudit gel. 
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